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Abstract

A literature review was made to assess the epidemiology, public health importance, diagnostic and control methods of bovine rotavirus. Rotavirus is the genus
name under the family Reoviridae which is characterized by segmented genome. The emergence of new serotypes of the virus is related to the segmented nature of the
viral genome which allows reassortment during mixed infections. The rotavirus genome consists of 11 double-stranded RNA gene segments encoding 6 nonstructural
(NSP1-6) and 6 structural (VP1-4, VP6-VP7) proteins. Rotavirus A is a zoonotic disease and in children less than five years old, human rotavirus is reported to be the
most common cause of gastritis. In animals, rotavirus infection usually affects calves within four weeks of age, causing huge economic losses due to death, reduction in
weight gain and treatment costs. Bovine rotaviruses are globally distributed and cattle strains have been classified into 12 G types and 11 P types and among them G6,
G8 and G10, and P [1], P [5] and P [11] are commonly prevalent bovine strains. However, the presence of 14 G type and 17 P type serotypes from human have reported
in different surveillance studies worldwide. Among these, combinations of G1P [8], G2P [4], G3P [8], G4P [8], GOP [8] and G12P [8] are the most common human strains
which are responsible for majority of human Rotavirus diseases. The virus is primarily transmitted by fecal-oral route or by direct contact. The excreta from infected
animals and humans, excreta contaminated food; water, pasture and air are the potential source of infection for both animal and human rotaviruses. Age, seasonal pattern,
strain diversity, poor herd management and housing system, host nutritional and immunological factors are important risk factors associated with rotavirus disease
occurrences. The widely used diagnostic methods for detection of rotavirus antibody in human and animals are Enzyme-Linked Immunosorbent Assay (ELISA) and
immune-chromatography while the presence of the rotavirus/antigen is identified by Enzyme Immunoassay (EIA). Electron Microscopy (EM), polymerase chain reaction
(PCR) and nucleic acid hybridization. Vaccination is the primary strategy to prevent and control of bovine and human rotavirus infections. High level of antibody in pregnant
animals is achieved through live attenuated and inactivated vaccines when administered at the late stage of pregnancy. In human, the two currently used vaccines are the
RV5 vaccine (USA) and the RV1 vaccine (Belgium) types.

Introduction

Virus particles having a similar morphology with Rota
viruses were reported in dairy calves in 1969 and human
rotavirus cases were diagnosed in 1973 for the first time [1].

The genus Rotavirus within the family Reoviridae comprises
seven rotavirus species [2]. Each rotavirus species is related
with diarrhea. From the seven serotypes species, A type have
been found both in animals and human [3].

Animal rotavirus mostly affect young animals specially
calves with 4weeks [4]. The common variations and diversity
are considered due to the point mutations [5]. Epidemiological

studies of the virus in world are especially in some Asia, Sub
Saharan Africa, and Latin America [6]. A ten years review
[7]. In Africa human rotavirus revealed a greater diversity of
rotavirus. The percentage of Rota combinations accompanied
by the presence of multiple rotavirus P or G types.

In general, during the past 40-45 years, enormous
researches and epidemiological surveillances have been
conducted on the distribution, zoonotic importance, advanced
diagnostic techniques and vaccine production. The paper
summarizes the current information on rotavirus diseases
with particular epidemiology and its public health importance
in addition; it also highlights on the diagnostic methods and
control strategies of the disease. Therefore, the objectives of
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the paper were: summarizing the current information on Rota
virus disease with particular emphasis on the epidemiology and
its public health importance and to highlight on the diagnostic
method and control strategies of the disease.

Literature review

Etiology: An etiological agent called bovine rotaviruses
which causes severe gastroenteritis and diarrhea [8]. Rotavirus
agents under the family Reoviridae. The genus has 7 species (A
to G) or sometimes called groups. Each species especially the
species rotavirus A contains different strains and genotypes.

Classification: The virus is to classify to groups, subgroups
and its serotypes. The group and subgroup specificity are
present on the inner capsid VP6. Thus, currently only rotavirus
groups A, B and C have been identified as human and animal
pathogens, while groups D, E, F, and G have only been identified
in animals and birds [9].

The structures of rotavirus: The rotavirus structure is 3D
capsid protein structures [10]. Similarly, the virus structurally
with dsRNA genome and the exact mechanisms of rotavirus
genome assortment, packaging and particle assembly await
exploration [11] Figures 1,2.

Pathogenesis

The pathogenesis of the disease is multifactorial it depends
on the age of the host, and particular viral gene products
[14]. Concluded that the genes encoding the mouse VP4 and
NSPiwere determinants for efficient replication in suckling
mice. Factors of the disease mechanism are: mal-adsorption
following destruction of epithelium and villus ischemia [15]
and activation of the enteric nervous system [16].

Recently, the pathogenesis of the symptom vomiting
has also been elucidated by observations that RV can infect
the enterochromaffine cells in the gut and stimulate the
production of 5-hydroxytryptamin (serotonin) which in turn
activates vagal afferent nerves and stimulates brain stem
structures controlling vomiting [17]. Biliary Atresia (BA)
can be induced in newborn mice by RV infection, leading to
obstructive cholangiopathy, the severity of which depends on
the host’s age at the time of infection and also on the presence
and potency of innate immune responses [18].

Figure 1: Schematic depiction of the structure of mature rotavirus particles.

Source: [12].
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Epidemiology of bovine rotavirus: Rotavirus causes
diarrhea in calves and leads to a serious problem in newly
born calves and a cause of economic loss, because of mortality,
treatment costs, and poor growth. The epidemiology of animal
rotaviruses is suggestive and investigated virus infections are
those affecting cattle, swine, horse, and partly goats, sheep
and camelides. Virus distributions is depend on the magnitude
of the disease, in developed and developing countries a global
survey showed that G1, G2, G3 and G4 were the most common
worldwide genotypes of rotaviruses while G8 was relatively
high in Africa [19].

Mode of transmission: The virus is transmitted in
interspecies ways with a possibility of cross-species
transmission. The interspecies transmission and subsequent
reassortments are the important mechanisms driving the
diversity of rotaviruses and enabling the emergence of new
pathogenic strains with altered virulence [20]. Additionally, it
transmitted by fecal-oral route or by direct contact [21].

Risk factors

Age: Younger animals were highly infected with Rota virus
infection, mostly within the first 4 weeks [22].

Seasonal pattern: The rotavirus infection is occurred during
the autumn to spring season. In temperate zone the virus
shows seasonal patterns, with the epidemic peaks being more
prominent during cold months. In subtropical and tropical
settings, seasonality is less apparent [23].

Strain Diversity: the virus is diverse with their antigens.
In developed countries a single genotype predominates at a
geographic site. However, in developing countries, no single
prevailing strain [24].

Symptoms, laboratory diagnosis and treatment

Clinical symptoms: Rotavirus diarrhea in calves presents
an acute disease having a very short incubation period of 12—
24 hours or at times ranging from 18-96 hours. Fortunately,
most rotavirus infections are mild and self- limiting, although
there is usually high morbidity. Variations in clinical disease
observed in calves depend on several factors, including the
difference in virulence among rotavirus strains, age of the host,
host immune status, the dose of the inoculum, occurrence of
mixed infections, environmental stress (weather conditions,
housing, overcrowding) and nutrition. These factors, along
with systemic consequences of electrolyte imbalances,
fluid loss and metabolic acidemia, anorexia, profuse watery
diarrhea, and various degrees of systemic dehydration [25]. In
severe cases, death occurs as a result of electrolyte imbalances,
dehydration, and cardiac arrest [26].

Rotavirus infections are often asymptomatic or mild in
infants <1 month of age because of protection conferred by
maternal antibodies that are transferred through the placenta
breast milk [27]. In children, the manifestation of rotavirus
disease ranges from no symptoms to mild, watery diarrhea of
short duration and to severe diarrhea with vomiting and fever
that can result in rapid dehydration with shock, electrolyte

imbalance and death [28].
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Figure 2: The rotavirus replication cycle.
Source: [13].

Laboratory Diagnostic methods: Laboratory diagnosis
of rotavirus is very crucial for handling and preventing the
occurrence of the disease in calves. It is challenging to diagnose
target causal agents by clinical examination, so that laboratory
test is an important tool to make a confirmatory diagnosis.
This can be carried out by using various tests [29]. In general,
the diagnosis of rotavirus is based on the identification and
isolation of the virus in the faces [30].

Antigen Captured Enzyme-Linked Immunosorbent Assay (Ag-
ELISA): Ag-ELISA is an assay for rapidly detecting a pathogen
in a clinical specimen based on antibody (e.g. Monoclonal
antibody) recognition of the target antigen [31]. It has antibody
attached to a solid surface of polystyrene plate and so that
antibody captures the target antigen if present in. The enzyme
tagged with the secondary antibody can cause a colorimetric
visualization while reacting with the chromogen substrate
which ensures the antigen-antibody reaction persistence.
Antigen can be both qualitatively expressed and quantitatively
estimated as Optical Density (OD) measured by a spectrometry
positively correlates with the amount of antigen. In some
situations, the commercial kit may be expensive, particularly
for veterinary medicine [29].

Virus isolation: This test is a confirmatory diagnostic test that
is still considered as “gold standard” for detecting the presence
of viral pathogens in specimens [32]. Isolation of rotavirus in
cell culture from fecal samples is the most conventional way
of confirmatory diagnosis of rotavirus infection and gives the
ultimate proof of virus association with the disease but it is
less sensitive and is a laborious process. Specimens should be
kept at a low temperature and in a transport medium during
shipping to a diagnostic laboratory and delivered to the lab
as soon as possible after collection [33]. Isolation of BRV is
performed in rotavirus- specific primary cell cultures (calf
kidney cells) and cell lines (MA 104-Simian origin, MDBK,
HT-29, and PK- 15). The presence of virus is suspected by the
occurrence of Cytopathic Effect (CPE) including rounding and

detachment of cells in cell culture system. Enhancement of CPE
has been shown to be increased by incorporation of trypsin
in the medium in few quantities and by the pretreatment of
fecal samples with trypsin [34]. Viability of target virus in a
specimen is critical for the success of virus isolation

Polymerase Chain Reaction (PCR): It is usually a detection
method used for detecting rotavirus. It is a thermo cyclic
enzymatic amplification of specific sequence of the target
genes using a pair of oligonucleotide primers that hybridize
on each cDNA strand of interest region in the genomic
sequence. On the other way, rotavirus dsRNA can be detected
in clinical specimens by extraction of viral RNA and analysis
by electrophoresis on a polyacrylamide gel followed by silver
staining. During electrophoresis, the 11 segments of the
rotavirus dsRNA, which are negatively charged Molecules,
separate according to size [35]. Patterns of dsRNA can be
visualized in the gel by staining with bromide ion, because
it forms a stable complex with nucleic acids. The gel can be
stored after staining. Migration patterns of the segments of
rotavirus dsRNA allow the classification of rotavirus strains
into the “short” and “long” electropherotypes [6].

Electron Microscopy (EM): Most of bovine enteric viruses,
like BRV are difficult to isolate or propagate in cell culture,
but these viruses can be differentiated by their morphology
under an electron microscope. Cost of electron microscopes
and requirement of skilled laboratory personnel are still a
challenge for the EM test being used as a routine diagnostic
test [6]. This tool can identify and detects the virus based on
morphological feature it has. Accordingly, two types of EM
methods have been available: direct EM and immune-electron
microscopy (IEM) [36] with positive and negative staining
techniques used for visualization. The visualization of viruses,
particularly non-cultivatable ones, is a major advantage of EM
with rapid turnaround.

Treatment: There is no specific treatment for rotavirus
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infections. Treatment is based on providing supportive care
and managing clinical signs and potential complications. In
livestock and companion animals, fluid administration is
essential to replace losses from diarrhea or vomiting, to correct
acidosis and to restore electrolyte imbalance. Adequate sodium
concentration and appropriate glucose to sodium ratios are
the most important components of an efficient rehydration
solution [37]. In young animals, administration of fluids
can be performed by means of esophageal catheter; in older
animals, intravenous administration is preferable. In affected
piglets, administration of a plasma protein mixture, consisting
of immunoglobulin, growth factors, and other biologically
active peptides, has been advocated to enhance small intestine
recovery [38]. Therefore most widely practiced treatment of
Rota virus infections are antiviral therapy, Fluid administration
and electrolyte management [39].

Prevention and control

The primary strategy to prevent and control of bovine and
human rotavirus infections is through vaccination. However,
in animals, vaccination strategy differs from the approaches
implemented to protect infants and children against rotavirus
disease in human [40].

To decrease the incidence of disease in the herd, a
good producer should maximize colostrum transfer,
increase environmental sanitation, reduce stressors such as
overcrowding or poor nutrition and vaccinate bred cows for
rotavirus at 60 and 30 days before calving [41].

To improve the passive immunization of calves against
rotavirus and coronavirus as well as against different strains
of E. coli vaccination of the pregnant dam can be proposed.
Usually, cows are vaccinated twice (6 to 8 and 2 to 3 weeks)
before parturition to stimulate the production of specific
antibodies. The primary function of colostrum is to enhance
the calf’s immune system through the passive transfer of both
antibody and cell-mediated immunity. Ideally, calves should
receive colostrum from their dams although colostrum from
several cows are often mixed and administration of colostrum
feeding is the transmission of BVDV, bovine leukemia us,
John’s disease that can be spread by infected or purchased
colostrum [42].

Colostrum is the source of nutrients and passively absorbed
antibodies, which are critical to protect the newborn calf
against infectious disease in the first weeks and months of life.
The calf is born without most antibodies, including those that
fight the infectious agents which cause diarrhea. The calf will
acquire these antibodies only from colostrum. World Health
Organization strongly recommends inclusion of RV vaccines
into national immunization programs in all the regions where
data on vaccine efficacy suggests a significant impact on public
health and where infrastructure and financial resources are
adequate [43].

The status of the disease in Ethiopia

Ethiopia is one of the five countries with greatest rotavirus
burden worldwide and accounts for six percent of all rotavirus
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deaths globally. It is estimated that 28 percent of all under-
five diarrheal disease hospitalizations in Ethiopia are caused
by rotavirus [44]. Ethiopia has introduced the monovalent
rotavirus vaccine in its national immunization program in
November, 2013 to decrease the burden of rotavirus disease and
mortality [45].

In a cross-sectional study carried out in Jima Hospital,
Ethiopia, to reveal the prevalence of rotavirus infection among
154 infants and young children, rotavirus was detected in 26.6
% of fecal specimens and 90.2% (37/41) occurred in children
under 2 years. The highest rate of rotavirus antigen detection
was observed among 7-12 months of age group (34%) [46].

On a study to see the epidemiology of rotavirus and Noro
virus in Hawassa, Southern region from 200 under five children
with diarrhea between 2008-2009, the prevalence of rotavirus
was found to be 22% and the genotyping showed G3P (6] (48%,
globally uncommon strain), G1P [8] (27%) and G2P [4] (7%)
being the strains most commonly identified [47]. Similarly,
data collected from 2007-2011 in Addis Ababa from hospital-
based surveillance of rotavirus gastroenteritis among children
less than five years showed that rotavirus was prevalent in
20% of children enrolled from 1,749 diarrheal samples [48].

A study revealed that children with vomiting had higher
rotavirus diarrhea than without vomiting, Children with
diarrhea episodes greater than 5 per 24 hours had higher
rotavirus prevalence (44.4%) and rotavirus detection was
higher (50%) among children with diarrhea duration of greater
than 7 days before coming to health facilities [49]. However, the
author concluded no child related risk factor was significantly
associated with rotavirus diarrhea, but there was a difference
in the positivity rate among different categories of children.

According to [50] the findings for rotavirus genotype
distributions were distinct between Bahir Dar and Gondar. In
total, wild type G3P, G2P, G9P, G12P, and G3P rotaviruses were
detected in 68 (60.2%), 21 (18.6%), 13 (11.5%), 9 (8.0%) and
2 (1.8%) of the positive samples, respectively while wild type
G1P strains were absent. Another study in rotavirus-associated
acute diarrhea outbreak investigation in West Shewa Zone of
Oromia Region showed that the majority of the strains were
G12P (25%) and G-negative P (25%) followed by G9P (19%),
G1P (13%) and G3/G2 P, G12P and G-negative P (6% each) [51].

In addition, the finding of another study [52], conducted in
three hospitals of Addis Ababa showed that the most prevalent
circulating strains were G12P in 2011 (36%) and in 2012 (27%),
G2P (35%) in 2013, G9P (19%) in 2014, G3P and G2P (19% each)
in 2015, and G3P (29%) in 2016. During the surveillance periods
(2011-2017), G12P was detected as a dominant circulating strain
followed by G3P and G1P.

Conclusions and recommendations

Rotaviruses are diverse genetically. All reviewed showed
rotavirus is highly prevalent worldwide. The distribution of the
disease is observed higher in sub-Saharan African countries as
human vaccine coverage is very low and there is no commonly
practiced vaccine for animals. In Africa, the most common
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human rotavirus strains observed and detected routinely
are G1 and G2. In general, limitations in depth and number
of researches are observed in sub-Saharan African counties
and those reviewed studies focus on the prevalence and
characterization of rotavirus strains with lack of epidemiological
approach. There are no or few studies conducted on rotavirus
in Ethiopia so far except a few hospitals based studies done on
human rotaviruses. This shows bovine rotavirus is a neglected
disease in Ethiopia despite the presence of high calf mortality
due to diarrhea in different regions of the country.

Therefore, based on the review the following points are
forwarded as a recommendation.

v' The animal health policy in the country should give
attention for the implementation of surveillances and
research studies on bovine rotavirus to improve the
production and productivity so that the country gets
benefited from the animal health sector.

v" Continued human rotavirus surveillance studies should
be done to detect new strains circulating in the country.

1. Bovine rotavirus vaccine need to be introduced into
Ethiopia after the different strains that cause calf
diarrhea are detected and characterized.

v The human vaccine which is currently delivering in
Ethiopia.
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